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PLANARIZATION SYSTEM AND METHOD
USING A CARBONATE CONTAINING FLUID

BACKGROUND OF INVENTION

The present invention relates to the fabrication of devices
having a high degree of integration density, e.g. integrated
circuits and/or micro-electromechanical devices (MEMs),
among others, and more specifically to an improved system
and method of chemically mechanically polishing a sub-
strate on which such devices are fabricated.

Chemical mechanical polishing (CMP) has become an
indispensable step in the fabrication of integrated circuits
(ICs). In some steps of the fabrication process of ICs, later
layers cannot be applied to a semiconductor substrate unless
an earlier applied layer presents a planar surtace. A CMP
process 1s used to planarize such layers.

In some processes used in IC fabrication, 1t may be
desired to planarize a surface of an oxide layer of a semi-
conductor substrate. In particular cases, the oxide layer fills
spaces between portions of one or more underlying layers of
a diflerent material, and only the oxide filled spaces are to
remain, as planarized to the underlying layer after polishing,
to remove the overlying oxide. For example, the oxide layer
may fill trenches etched into a semiconductor substrate
provided as isolating features, e.g. “shallow trench isola-
tions,” and “isolation trenches” between electrically active
areas of the substrate.

One of the challenges of planarizing such oxide layer to
the level of an underlying layer 1s the eflicient removal of
step height differences of the oxide layer, and of the over-
lying oxide layer, 1.e., the “overfill”, despite 1t varying in
height across the surface of the substrate being polished. In
the case of large step height and overfill, a reactive ion
etching process (to reduce step height in the deposited
dielectric material) 1s typically required as a prerequisite to
conventional chemical-mechanical polishing with an abra-
sive slurry, to achieve satisfactory planarization. However,
reactive 10on etch processes are not desirable from the point
of cost and/or process control. In addition, polishing with an
abrasive slurry 1s prone to dishing, such that, in the process
of removing features having step height differences and the
overfill, some areas are overpolished to an extent that
produces concave surfaces. Such 1s unsatisfactory in terms
ol achieving planarization of the surface being polished.

Some CMP methods which use fixed abrasive polishing
pads rather than an abrasive slurry have been applied to the
planarization of substrates having, step helght differences.
However, where the step height difference 1s substantial,
such fixed abrasive CMP methods are incapable of
adequately removing the topography having step height
differences and overfill without either overpolishing, or
otherwise removing the overfill too slowly to be cost-
cllective. In such case, dishing of the oxide fill may result,
or even scratching, ultimately producing an unsatisfactory
surface. This deficiency has heretofore limited the use of
such fixed abrasive CMP methods to structures having
small, e.g., less than 200 A variation in trench depth or oxide
overfill across the substrate. In some fixed abrasive CMP
methods, the material removal rate following the onset of
planarlzatlon 1.e. after removing the features having step
height differences, has often been unsatisfactorily low.

Thus, there 1s a need for an improved chemical mechani-
cal polishing process capable of more rapidly planarizing an
oxide material having step height differences and/or difler-
ences 1 overfill levels to produce a substantially planar
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surface having few scratches, while avoiding the need for
RIE processing or other undesirable alternatives.

SUMMARY OF INVENTION

According to an aspect of the invention, a system and
method of are provided of polishing a layer of a substrate.
The method includes providing a polishing apparatus
adapted to impart relative movement between a polishing
pad and a substrate having a first layer to be polished;
providing a liqud medium having a pH between 4 and 11 to
an 1nterface between the substrate and the polishing pad, the
liquid medium 1ncluding a pH controlling substance includ-
ing at least one of an acid and a base, a carbonate and a
stabilizer additive comprising at least one selected from the
group consisting ol amino acids and polyacrylic acid; and
moving at least one of the substrate and the polishing pad
relative to the other to polish the layer of the substrate.

According to a particular aspect of the invention, a
chemical mechanical polishing method 1s provided for pla-
narizing an oxide layer of a semiconductor substrate.
According to such method, a semiconductor substrate i1s
provided having an oxide layer having at least one of a step
height difference and an uneven overfill above an underlying
layer. The substrate 1s contacted with a fixed abrasive pad
and a liqud medium 1s provided having a pH between about
9.5 and 12 to an interface between the substrate and the fixed
abrasive pad, the liquid medium including a base selected
from the group consisting of hydroxides of alkali earth
metals, and ammonium hydroxide. The liquid medium also
includes a carbonate and a stabilizer additive comprising an
amino acid. The exposed oxide layer 1s polished by moving

" the substrate and the abrasive pad relative to

at least one of
the other of the substrate and the abrasive pad.

According to another aspect of the mnvention, a chemical
mechanical polishing system 1s provided for planarizing a
layer of a substrate. Such system includes a polishing
member including a polishing pad for contacting a substrate,
a chuck adapted to hold the substrate 1n movable contact
with the polishing member, and a drive coupled to at least
one of the polishing member and the chuck, adapted to
impart relative motion between the polishing member and
the chuck at an interface. The system further includes a
liqguid medium having a pH between about 4 and 11 pro-
vided to the mterface, the liquid medium including a pH
controlling substance, a carbonate, and a stabilizer additive
including at least one selected from the group consisting of
amino acids and polyacrylic acid.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross section of an oxide layer to be planarized
on a substrate, the layer exhibiting features having a step
height difference and overtill.

FIG. 2 1llustrates a polishing apparatus of an embodiment
of the invention.

FIG. 3 1illustrates a step 1n the planarization of the oxide
layer illustrated 1n FIG. 1, after polishing to remove features
having the step height difference.

FIG. 4 illustrates a further step in the planarization of the
oxide layer illustrated in FIG. 3, after further polishing to
reveal an underlayer.

DETAILED DESCRIPTION

The imvention provides mmproved CMP methods and
apparatus for planarization of a layer of a substrate having
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very small devices thereon. The processes of the mmvention
may be used to polish layers of various matenals, especially
siliceous oxides 1n the fabrication of substrates including
integrated circuit devices and/or other micro-sized devices,
including, but not lmmited to micro-electromechanical
devices (MEMs).

The processes of the invention are particularly suited to
the planarization or removal of siliceous oxide matenals,
more especially silicon dioxide materials. An embodiment
of the mvention 1s particularly suited to the polishing of
siliceous oxides, especially with the use of a fixed abrasive
pad, even where the starting oxide layer has significant
topographical variation, for example step height differences.

In a particular embodiment, the processes of the mnvention
are applied to planarizing an overlying layer to the level of
an underlying layer. For example, an oxide layer used to
provide 1solating features between active areas of a semi-
conductor substrate 1s deposited to fill trenches in the
semiconductor layer of the substrate and then later pla-
narized to the level of the underlying semiconductor layer.
A particular embodiment of the invention will now be
described relative to planarizing such oxide layer.

Typically, trench 1solations, sometimes referred to as
“1solation trenches,” are formed by depositing a high den-
sity, seamless oxide fill material (e.g. by a high density
plasma (HDP) technique) mto a trench etched imto the
semiconductor substrate. In some integrated circuits, par-
ticularly DRAM circuits of the type including vertical
transistor devices located within deep trenches, 1solation
trenches are required to have rather narrow diameters at or
near the minimum lithographic feature size, for example,
110 nm and smaller, while having proportionally much
greater depth, for example, from 0.5 um to 2 um or more, 11

order to 1solate wvertical transistors ol closely situated
trenches from electrical interaction.

The character of the HDP oxide fill, unlike conformal
materials, 1s such that substantial differences 1n the height of
topography result from the deposition. As illustrated 1n FIG.
1, 1solation trenches 12, etched 1nto a substrate 10 having an
overlying pad layer 14 of a material such as silicon nitride,
are filled with the HDP oxide material up to and above the
pad layver 14. By the time the isolation trenches 12 are
completely filled, the spaces between the trenches 12
becomes occupied by oxide “hats” 22 overlying the depos-
ited dielectric material, resulting in a step height difference
18 between the oxide height 20 of the hats and the height 16
of the oxide fill above the trenches 12. As used herein, a
“rough surface” 1s used to denote a surface having a step
height difference 1n features.

In addition, because of nonuniformity of the oxide fill
process and in the depth and width of trenches across the
substrate 10, 1t 1s necessary to “overfill” the trenches 12 to
a level 16 above the top of the pad layer 14, to assure that
all trenches 12 are completely filled. The overtill level 16
above the level of the pad layer 14 can illustratively range
from 500 A to 3000 A. For example, the height 24 of the
overfill level above the pad layer 14 1n one part 30 of the
substrate 10 can be significantly less than the height 26 of
the overfill 16 1n another part 32 of the substrate 10.

In addition, the depth of 1solation trenches 12 formed by
the same process sequence may vary by 10% or more across
a storage cell array. Moreover, since the area of such
isolation trenches 12 1s also subject to vary in relation to
their position on a substrate within tolerances for litho-
graphic mask patterning and subsequent etching of the
substrate, variation in the volume that each trench 12 con-
tains may become even larger than 10%. As a result,
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variations in the depth and area of trenches 12 at the surface
of a substrate 10 aflect the height of the overfill level 16
across the substrate 10, because of the resultant variation in
the volume of deposited material that the trenches 12 hold.

As 1llustrated 1n FIG. 2, a polishing apparatus includes a
polishing platen or table 118, over which a polishing pad 119
1s placed. The polishing platen 118 1s typically rotatable 1n
a direction 120. Against the polishing pad 119 a wafer 114
1s held by a water carrier 116 which may include an
clectrostatic or vacuum chuck for example. In an embodi-
ment, the waler carrier 116 1itsell may be rotatable 1n a
direction 122 opposite that of the platen 118. The polishing
apparatus includes a dispensing means 124 which dispenses
a liquid medium 126 for assisting in the polishing operation.
Additional apparatus 128 may be provided for such purposes
as endpoint detection, cleaning of the pad 119, or spreading
the liguid medium 126 over the pad 119.

In an embodiment, polishing 1s performed using a slurry
having an abrasive component as the liquid medium 126, the
liquid medium also including a carbonate and a pH control-
ling substance. The abrasive component preferably includes
microfine particles of an oxide such as alumina, ceria or
silica. A stabilizer additive 1s also preferably added, prefer-
ably being an amino acid such as, but not limited to
L-proline, glycine or lysine when polishing an oxide in the
presence ol an alkaline liquid medium, or the stabilizer
additive preferably being polyacrylic acid when polishing an
oxide layer in the presence of an acidic medium. The rate of
removing material from the surface being polished (herein-
alter, “removal rate””) and the density of scratches resulting
from the polishing (heremafter “scratch density”) both
become more uniform by the addition of such stabilizer
additive.

The carbonate (CO; ) 1s provided 1n the slurry 1n an 1onic
concentration ranging between 0.005 and 0.25 percent by
weight of the slurry, and more preferably between about 0.02
and 0.06 percent by weight of the slurry. Sources of the
carbonate 1on for a slurry include, but are not limited to
soluble carbonate salts, slightly soluble carbonate salts, and
some carbonate salts which are considered water imsoluble
but nevertheless can be incorporated into the slurry if
provided 1n approprately sized particles for inclusion 1n a
colloidal suspension of the slurry. Soluble carbonate salts
include sodium carbonate, potassium carbonate, cesium
carbonate, and rubidium carbonate. Zinc carbonate 1s also
soluble 1n a basic solution. Calcium carbonate, lithium
carbonate and strontium carbonate are considered to be
slightly soluble or of limited water solubility. Cerium car-
bonate and cerium carbonate hydrate are considered to be
water msoluble but can be provided as appropnately sized
particles 1n a colloidal suspension of the slurry.

In an exemplary embodiment, a liquid medium 126 1s
provided to a surface having an oxide layer to be polished by
a polishing apparatus having a polishing pad 119 that
includes a fixed abrasive component or a pad stack including
a fixed abrasive pad. Fixed abrasive pads are commercially
available, and may include, for example, a SWR-159 pad
from 3M, Inc. Fixed abrasive pads are generally not
employed with a slurry containing abrasive particles.
Instead, fixed abrasive pads include particular abrasives
which are released or exposed during the polishing process
by the addition of, for example, a liquid medium 126 that
does not contain abrasive particles.

Polishing with a fixed abrasive pad proceeds such that
topography on the surface 1s removed preferentially over
material on parts of the surface that are already somewhat
planarized. The fixed abrasive pad 1s preferably hard, such
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that 1t deflects little over regions where trenches are formed
such that very little 1f any dishing results of the oxide
material 1n the trenches. In such case, polishing with a fixed
abrasive pad 1s advantageous over polishing with an abra-
sive slurry 1n that topography 1s removed with little or no
dishing.

In this embodiment, the liquid medium 126 1s preferably
mainly comprised of a solvent such as de-ionized water. The
liquid medium 126 1n this case can be called a “solution™
since most, 11 not all, substances present in the medium are
dissolved into 1t, there being no appreciable quantity of
abrasive particles, as opposed to a slurry which 1s generally
a suspension ol abrasive particles. The liquid medium
includes carbonate 1ons 1n a percentage by weight of the
medium of 0.005 to 0.25, and more preferably between
0.02% to 0.06 wt. %. Preferably, potassium carbonate
(K,CO,) 1s the source of carbonate ions in solution, par-
ticularly when the pH of the solution 1s adjusted to a basic
level by potasstum hydroxide (KOH).

The presence of the carbonate tends to reduce the scratch
density and increase the removal rate. When polishing with
a fixed abrasive pad, the presence of the carbonate 1n the
liquid medium 1s observed to reduce the scratch density to
a level comparable to polishing with an abrasive slurry.
Moreover, the presence ol the carbonate in the liquid
medium 1s observed to increase the removal rate following
the onset of planarization (1.e. after raised features 22 have
been removed) to a level comparable to polishing with an
abrasive slurry. Hence, the carbonate 1s a beneficial compo-
nent of a liguid medium provided during the polishing
operation.

A preferred way of providing the carbonate 1n the liquid

medium 1s to add a carbonate salt thereto, for example a
carbonate salt such as potassium carbonate (K,CO,), which
can be provided 1n nonhydrated or hydrated form. Prefer-
ably, the percentage by weight of the carbonate salt added to
the solution 1s between about 0.05% and 0.25%, and most
preferably between about 0.05% and 0.15%. A pH control-
ling substance being a base such as potasstum hydroxide
(KOH) 1s added to the liquid medium, especially when the
source ol carbonate 1ons 1s potassium carbonate, such that
the potasstum carbonate buflers the potassium hydroxide.
The potassium carbonate can be provided in either a
hydrated or non-hydrated form. The base 1s added to the
liquid medium until the liquid medium reaches a preferred
range of pH between 9.5 and 12, and most preferably a pH
of 10.5. Alternatively, carbonates of alkal1 earth metals other
than potassium are suitable as sources of the carbonate in
solution, including but not limited to carbonate salts which
are soluble in water such as sodium carbonate (Na,CO,),
sodium bicarbonate (Na,(CO,),), and the carbonates of
cesium, and rubidium and zinc. Lithium carbonate
(L1,CO,), and strontium carbonate (SrCO,) although of
limited solubility, can also be provided 1n the 10onic concen-
trations stated herein.
Instead of potassium hydroxide, ammonium hydroxide
(NH_,OH) can be used as an alternative base for adjusting the
pH of the liguid medium to a desired value ranging between
9.5 and 12, and preferably about 10.5. A stabilizer additive,
such as L-proline, glycine or lysine is provided as a com-
ponent of the liquid medium 1n a range between about 0.5%
and 7%, more preferably between about 0.5% and 5%, and
most preferably between about 2.5% and about 3.5%.

Referring again to FIG. 1, a substrate 10 includes a
dielectric layer 21 formed thereon. Layer 21 may include an
oxide layer, such as a silicon dioxide layer. In one particu-
larly useful embodiment, layer 21 includes an oxide formed
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by employing a high density plasma (HDP) oxide deposition
process. Of course, other layers and materials may also be
employed for layer 21. Layer 21 may include raised features
22 having a step height difference 18 overlying an overfill 23
which can vary in height, as shown at 24, 26, from one point
to another on the substrate.

Polishing occurs by contacting the layer 21 to the polish-
ing pad 119, and rotating the platen 118 while the pad 119
remains fixed to the platen 118, and/or rotating the waifer
carrier 116, while the substrate 114 remains fixed to the
waler carrier 116. Referring to FIG. 1, polishing with a fixed
abrasive pad may be considered as having two phases: for
example, reducing topography having the step height dii-
ference 18, and polishing to eliminate the overfill 23.

The phases are illustratively described with reference to
FIGS. 3 and 4, respectively. As shown in FIG. 3, in an area
30 of the substrate 10, polishing with a fixed abrasive pad
has succeeded 1n removing topography overlying the overtill
level 24. Likewise, 1n another area 32 of the substrate 10
(which may, or may not necessarily be separated from area
30), topography has been removed which overlies the over-
fill level 26. However, overtfill level 24 and overfill level 26
are not the same. Full planarization will not be achieved
unless and until the overfill 23 having levels 24 and 26 1n
areas 30, 32, respectively, are removed to the level of the
underlayer 14, while avoiding dishing of the oxide within
trenches 12. Polishing with the fixed abrasive pad then
continues, as shown i FIG. 4, until the overfill 23 1s
completely removed, leaving the oxide 21 only in trenches
12.

In an embodiment, polishing may be performed using a
fixed abrasive pad having a linearly driven pad in the form
of a web. In such process, the platen 118 linearly advances
rather than rotates while the wafer carrier 116 moves 1n an
orbital motion. Alternatively, after the substrate 114 1is
polished, the abrasive pad 119 advances (e.g., by about 0.5
inches to about 1 inch) to bring a new section of the abrasive
pad for the next substrate to be polished.

While the invention has been described herein 1n accor-
dance with certain preferred embodiments thereof, those
skilled 1n the art will recognmize the many modifications and
enhancements which can be made without departing from
the true scope and spirit of the present invention, limited
only by the claims appended below.

The invention claimed 1s:

1. A method of polishing a layer of a substrate, compris-
ng:
providing a liquid medium having a pH between 4 and 12
to an 1nterface between an oxide layer of a substrate and
a lixed abrasive polishing pad, said liquid medium
including a pH controlling substance including at least
one of an acid and a base, said liquid medium further
including a stabilizer additive including at least one
acid selected from the group consisting of amino acids
and polyacrylic acid, and a carbonate including car-
bonate 1ons having a concentration of between about
0.005% and about 0.25% by weight relative to said
liquid medium; and
polishing said first layer of said substrate by at least one
of moving said substrate relative to said polishing pad
or moving said polishing pad relative to said substrate
to remove a first portion of said oxide layer with an
cllicient removal rate and to expose a surface of a
second portion of said oxide layer underlying said first
portion without substantially scratching said surface of
said second portion.
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2. The method of claim 1 wherein said pH controlling
substance 1s an acid, said pH of said liquid medium ranges
between about 4.2 and about 5, said stabilizer additive
includes polyacrvlic acid, and said first layer includes an
oxide layer.

3. The method of claim 1, wherein said liquid medium has
no appreciable quantity of abrasive particles when provided
to said interface.

4. The method of claim 1 wherein said pH controlling
substance 1s a base, and said stabilizer additive includes at
least one amino acid, and said first layer includes an oxide
layer.

5. The method of claim 4 wherein said stabilizer additive
1s selected from the group consisting of L-proline, glycine,
lysine and polyacrylic acid.

6. The method of claim 1 wherein said fixed abrasive pad
includes at least one of alumina or cenia.

7. The method of claim 6 wherein said polishing pad 1s
moved 1n a linear direction relative to said substrate.

8. The method of claim 1 wherein said step of moving 1s
performed to polish said first layer of said substrate until a
second layer underlying said first layer 1s exposed.

9. The method of claim 8 wherein said first layer com-
prises an oxide of silicon, said second layer comprises
silicon nitride and said step of moving 1s performed until
said first layer 1s planarized to a level of said second layer.

10. The method of claim 1, wherein said fixed abrasive
pad supplies at least substantially all of an abrasive compo-
nent utilized during said polishing step.

11. The method of claim 10, wherein said removal rate 1s
comparable to that which would be obtained i1 said abrasive
component had been supplied substantially 1n said liquid
medium.

12. The method of claim 1 wheremn said pH controlling
substance 1s a base, said pH 1s adjusted to a range between
9.5 and 12, and said stabilizer additive includes an amino
acid.

13. The method of claim 12 wherein said base includes a
hydroxide of an alkali earth metal.

14. The method of claim 12 wherein said base 1s selected
from the group consisting of hydroxides of alkali earth
metals and ammonium hydroxide.

15. The method of claim 14 wherein said carbonate
includes a carbonate salt of said alkali1 earth metal.

16. The method of claim 15 wherein said base includes
potassium hydroxide and said carbonate salt includes potas-
sium carbonate.

17. The method of claim 135 wherein said carbonate is
provided 1n said liquid medium by adding said carbonate salt
to said liquid medium.
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18. A chemical mechanical polishing method of planariz-
ing an oxide layer of a semiconductor substrate, comprising:

providing a semiconductor substrate having an underlying
layer and an exposed oxide layer covering said under-
lying layer, said oxide layer having a minimum thick-
ness greater than about 200 angstroms at any point
above said underlying layer;

contacting said exposed oxide layer of said substrate with
a fixed abrasive pad;

providing a liquid medium having a pH between about
9.5 and 12 to an interface between said exposed
oxide layer of said substrate and said fixed abrasive
pad, said liquid medium including a base selected
from the group consisting of hydroxides of alkali
carth metals and ammonium hydroxide, said liquid
medium further including a stabilizer additive com-
prising at least one acid selected from an amino acid
and polyacrylic acid and a carbonate including car-
bonate 10ns having a concentration of between about

0.005% and about 0.25% by weight relative to said
liguid medium; and

polishing said exposed oxide layer by at least one of
moving said substrate relative to said fixed abrasive pad
or moving said fixed abrasive pad relative to said
substrate to remove a {irst portion of said oxide layer
with an efhicient removal rate and to expose a surface
of a second portion of said oxide layer underlying said
first portion without substantially scratching said sur-
face of said second portion.

19. The method of claim 18 wherein said stabilizer
additive 1s selected from the group consisting of L-proline,
glycine, lysine and polyacrylic acid.

20. The method of claim 19 wherein said second portion
of said exposed oxide layer includes material formed 1n
trenches within said underlying layer and said first portion
includes material overlying said trenches, such that said
polishing 1s performed to planarize said oxide layer until a
surface of said underlying layer 1s exposed.

21. The method of claim 18, wherein said carbonate 10ns
have a concentration of between about 0.02% and about
0.06% by weight relative to said liquid medium.

22. The method of claim 18, wherein said liquid carbonate
ions have a concentration of between about 0.02% and about
0.06% by weight relative to said liquid medium.

23. The method of claim 18, wherein said minimum
thickness of said oxide layer 1s at least about 500 angstroms.
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